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Abstract The aim of this paper is twofold: first, to evaluate
an Indian sample by Cameriere’s European formula; and
second, if this formula turns out to be unsuitable, to study a
specific formula for Indian children. Orthopantomographs
taken from 480 Indian children (227 girls and 253 boys) aged
between 3 and 15 years were analyzed. Following the pilot
study, subjects’ age was modeled as a function of gender (g),
region of country (C), and morphological variables (pre-
dictors: x5, the distance between the inner sides of the open
apex of the second premolar divided by the tooth length;
s ¼ x1 þ x2 þ x3 þ x4 þ x5 þ x6 þ x7, sum of normalized
open apices; N0, the number of teeth with root development
complete. Results showed that all these variables except
gender and second premolar contributed significantly to the
fit so that all were included in the regression model, yielding
the following linear regression formula:
Age ¼ 9:402 0:879 C þ 0:663 N0  0:711 s 0:106 s N0
where C is a dummy variable equal to 0 for the center or
north of India and 1 for the south. The above equation, with
the variables considered, explained 89.7% (R2=0.897) of
total deviance. The median of the residuals (observed age
minus predicted age) was –0.063 years, with an interquartile
range of 1.10 years.
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Introduction
Age estimation is an important question in both forensic and
clinical work. For forensic purposes, the problem of age
estimation concerns how close true age is to the minimum age
for criminal responsibility in various countries. According to
Indian criminal law, subjects under 18 years old are exempt
from criminal liability; minors less than 18 years old are
subject to special criminal standards, and in specific circum-
stances, persons over 18 may be subject to the criminal
standards applicable to minors under 18, in accordance with
the Indian Minor Law. According to marriage law, young
people have the right to marry at the age of 18. In all such
cases and in accordance with Indian criminal, marriage, and
administrative laws, the prosecutor or corresponding admin-
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istrative authority is obliged to establish the age of the
purported minor. A particular problem may arise when the
law covering the adoption of children is applied if the date of
the child’s birth is uncertain. For example, Italian law
establishes that there must be minimum and maximum
differences in age (between 10 and 45 years) between the
adopted child and the new parents. According to Indian
adoption law, the child may be aged between 1 and 12 years
but not more than 12 years.
The most frequently used method for age estimation in
children is the study of radiographs of teeth and hand/wrist
[1-14]. In 2001 and recently in 2008, the Study Group on
Forensic Age Diagnostics stressed the study of these areas
as fundamental for age estimation [15, 16]. In particular, as
regards teeth, Demirjian’s method is the most frequently
used [7]. A number of methods have been proposed to
determine dental age, but the system developed by Demi-
rjian has gained wide acceptance. Two studies testing the
applicability of this method in an Indian sample showed an
overestimation of age and concluded that it cannot be
applied to Indian children [17, 18]. In 2006, a new method
was studied, involving the measurement of open apices in
maxillary teeth [19], tested, and published in a European
sample [20]. The aim of the present paper was twofold:
first, to evaluate an Indian sample by means of Cameriere’s
formula and, if this formula turned out to be unsuitable, to
study a specific formula for Indian children.
Materials and methods
A sample of orthopantomographs of healthy children living in
the north (Haryana, New Delhi), center (Madhya Pradesh),
and south (Kerala, Pondicherry) of India, aged between 3
and 15 years and taken during a course of diagnosis and
treatment, was selected (Tables 1, 2). The orthopantomo-
graphs were taken as part of routine treatment between 2000
and 2006. Any radiographs which were unclear or which
showed hypodontia, gross pathology, and/or previous ortho-
dontic treatment were excluded. The chronological age of
each subject was calculated by subtracting the date of the
radiograph from the date of birth. Radiographs were in
digital form or were digitalized on a scanner, and images
were recorded on computer files, processed by a computer-
aided drafting program (Adobe Photoshop 7). The method is
fully explained in Cameriere et al. [19]. Briefly, radiographs
of left permanent mandibular teeth, except wisdom teeth,
with the apical ends of the roots completely closed (N0),
were examined. Teeth with incomplete root development,
i.e., with open apices, were also examined. For teeth with
one root, the distance Ai, i=1,...,5, between the inner side of
the open apex was measured. For example, A1 denotes the
distance between the inner side of the open apex of the first
incisor. For teeth with two roots, Ai, i=6, 7, the sum of the
distances between the inner sides of the two open apices was
evaluated. To take into account the effect of possible
differences in magnification and angulation among radio-
graphs, measurements were normalized by dividing by tooth
length (Li, i=1,...,7). Lastly, dental maturity was evaluated
with the normalized measurements of the seven permanent
left mandibular teeth (xi=Ai/Li, i=1,...,7), the sum of
normalized open apices s ¼ x1 þ x2 þ x3 þ x4 þ x5þð
x6 þ x7Þ, and the number (N0) of teeth with root develop-
ment complete. Measurements were carried out by two
Table 1 Age and gender distribution of study subjects
Age (years) Females Males Total
3 4 1 5
4 12 14 26
5 17 23 40
6 26 27 53
7 21 23 44
8 20 19 39
9 13 19 32
10 18 18 36
11 20 18 38
12 26 26 52
13 24 31 55
14 24 31 55
15 3 3 6
Total 228 252 480
Table 2 Distribution of study subjects in three areas of India
Country Females Males Total
North 79 77 156
Center 70 80 150
South 78 96 174
227 253 480
Table 3 Stepwise regression analysis, predicting chronological age
from chosen predictors
Coefficients Value SE t value p
Intercept 9.37 0.151 62.057 <0.001
Region −0.881 0.086 –10.296 <0.001
Gender 0.133 0.082 1.61 0.108
s 0.657 0.024 27.806 <0.001
N0 −0.684 0.054 −12.549 <0.001
x5 −0.217 0.292 −0.745 0.457
s⋅N0 −0.104 0.034 −3.034 0.003
s⋅N0=interaction between variables s and N0
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different observers. Assessment of inter-observer reliability
was checked on an independent sample of 27 panoramic
radiographs.
Statistical analysis
For each individual, all the morphological variables, x5, s,
N0, gender, and region (north, center, and south India) were
entered in an EXCEL file to be used as predictive variables
for age estimation in subsequent statistical analysis.
Chronological age, calculated by subtracting the date of
the radiograph from the date of birth, was also recorded.
The interobserver reliability of the sum of normalized
open apices (s) was studied by means of the concordance
correlation coefficient, and κ statistics were used to
measure the interobserver reliability of the number of the
seven right permanent mandibular teeth with root develop-
ment complete (N0).
In order to obtain an estimate of age as a function of the
morphological variables and subjects’ gender and national-
ity, a multiple linear regression model with first-order
interactions was developed by selecting those variables
which contributed significantly to age estimations accord-
ing to the stepwise selection method. An analysis of
covariance was then applied to study possible interactions
between significant morphological variables and gender
and region. Statistical analysis was performed with S-PLUS
6 statistical programs (S-PLUS 6.1 for Windows, Profes-
sional Edition, Release 1). The significance threshold was
set at 5%.
Results
There were no statistically significant interobserver differ-
ences between the paired sets of measurements carried out
on the re-examined panoramic radiographs. In fact, in the
seven right permanent mandibular teeth with root develop-
ment complete (N0), no misfit was observed between the
two measurements made by the observers, i.e., κ=1. For
the paired sets of measurements of the sum of normalized
open apices (s), the estimated concordance correlation
coefficient (±standard deviation) was ρc=0.989±0.006.
Following the results reported in [19], subjects’ age was
modeled as a function of gender (g), region of country (C),
and morphological variables: x5 (second premolar), s, N0,
and the first-order interaction between s and N0.
Statistical analysis showed that not all the variables used
for the European model were significant predictors of age
in the Indian sample (Table 3). In particular, no gender or
second premolar variables were significant (Table 4). As
regard the region variable, regression analysis pointed out
that north and central regions were not significant but the
Table 4 Stepwise regression analysis, predicting chronological age
for Indian population
Coefficients Value SE t value p
Intercept 9.402 0.141 66.496 <0.001
Region −0.879 0.085 -10.287 <0.001
s 0.663 0.023 29.05 <0.001
N0 −0.711 0.037 −19.227 <0.001
s⋅ N0 −0.106 0.034 −3.128 0.002
Fig. 1 Plots of residuals against fitted values (right panel) and of observed against predicted values (left panel) using regression model (1)
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south region was. Consequently, we pooled north and
central sample together.
The results show that these variables, partly unlike the
variables used for the European formula, contributed signif-
icantly to the fit, yielding the following linear regression
formula for the Indian population:
Age ¼ 9:402 0:879 C þ 0:663 N0  0:711 s 0:106 s N0
ð1Þ
where C is a variable, 0 for central or north India and 1 for
the south. Equation 1, with the considered variables,
explained 89.7% (R2=0.897) of total deviance. The median
of the residuals (observed age minus predicted age) was –
0.063 years, with an interquartile range of 1.10 years.
The residual plot (Fig. 1, right panel) shows no obvious
pattern. The observed versus predicted plot (Fig. 1, left
panel) shows that the regression model fits the trend of the
data reasonably well. Hence, both diagnostic plots support
our chosen model.
Discussion
The growth of a child may be influenced by several different
factors (ethnic, social, nutritional, etc.). Among the several
anatomical districts usually examined, the teeth are less
influenced by these factors. Nevertheless, the various methods
of age estimation based on teeth do not provide a common
formula for the whole world [24-26]. Also in the present
research, a formula yielding correct values for a European
sample could not be applied to an Indian one, and a new
formula is necessary, and any new formula should take into
account differences between central/north and south India. In
a country as large as India, the factors previously cited (ethic,
social, nutritional, etc.) probably influence children’s growth
differently. In addition, no statistical differences in dental age
estimation were found between male and female samples. It is
possible that the poor nutritional status of Indian adolescents,
especially girls, has important implications in terms of their
capacity for physical work and adverse reproductive out-
comes, as was in fact observed in one study [17] but contrary
to the results found in another [18]. Hence, the maturation of
girls and boys in India may be said to occur at about the same
time because the early maturation of girls, when compared
with boys, may be offset by malnutrition and the greater
amount of physical work required of them. The results found
in this work, like those of others, indicate that more attention
should be focused on the possible differences between
children of different origins. In fact, all differing factors may
be important for age estimation and could make the European
formula inappropriate. Further studies will be carried out to
apply Cameriere’s formula to a new Indian sample, to test a
new Asian sample, and to study the effects of the nutrition
factor on the Indian formula.
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